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ABSTRACT

Studies on the heavy metal content of ginkgo leaves growing in all around Seoul.

This study was carried out to investigate the concentration of heavy metals and
soluble sulfur in ginkgo leaves. These leaves are found growing in park, residential,
commercial and industrial areas all around Seoul. These analyzed the quantity of Cd,
Co, Cu, Fe, Mn, Ni, Pb, Zn, Hg and soluble surfur in separate samples of washed and
unwashed leaves.

The results were as follows:

1. This order of heavey metal concentration was found in Seoul area,: Fe>Mn>Zn>
Ni>Pb>Cu>Co>Cd>Hg.

2. Pb concentration was higher in the commercial aera than in the other aeras, and
it concentration in washed leaves was higher 96~100% and unwashed leaves 85~170%.

3. In the residential area Ni concentration was significantly higer where about seven
times more Ni was found on the top part of the leaves.

4. Water soluble surfur was higest in the inudstrial area, but the percentage on top of
the leaves was only 0.04~0.05% simillar with other area.

5. Fe, Zn and Ni were almost positively correlated to each component but negatively
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correlated between Mn and souble sulfer. All of content except Mn and Ni were

significance between each area in washed and unwashed leaves.
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Fig. 1. Sampling sites.
Park Industrial
1 Chongmyo 8 Yangpyungdong
2 Namsan 9 Kurodong
3 Sagic Park 10 Karibongdong
4 Kyongbokkung 11 Songsudong
5 National Cementry 12 Gochokdong
6 Children’s 13 Mullaedong
7 Nam seoul Grandpark 14 Changdong
Commercial Residential
15 Kwangwhamun 22 Pyongchangdong
16 Ulchiro 23 Uidong
17 T’oeguero 24 Chognyangi
18 It'aewon 25 Huksokdong
19 Tongdaemun 26 Gaepodong
20 T’ehelanno 27 Nonhyondong

21 Kangnamdaero 28 Songnaedong
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Fig. 2. Comparision of Cd concentration in sampling

area.
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Fig. 9. Comparision of Zn concentration in sampling

area.
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Fig. 10. Comparision of Hg concentration in sampling

area.
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Table 1. Comparative of analysis of variance.
(F inspection)

Cleaning leaves Non-cleaning leaves

Item
S li . i .
arr)r(l)ri)nltng Groupling Sarl)'gxi)rllltng Grouping

Cd 1.60 3.43* 2.03 5.41**
Co 2.40* 3.39* 3.01** 7.68**
Cu 2.75* 7.71** 4.37** 16.14**
Fe 1.88 5.10** 3.29** 15.82%+
Mn 7.21** 0.29 3.46** 1.49
Ni 1.45 2.55 1.80 1.46
Pb 0.40 12.31** 1.64 26.98**
Zn 3.06** 15.00** 2.58* 21.26**
Hg 2.97** 3.58* 3.05** 6.20**
S 1.71 14.10** 4.13** 11.17
*p<0.05 **p<0.01
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in sampling area.
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Table 2. Correlation coefficients between each component (washed leaves).

Cd Co Cu Fe Mn Ni Pb Zn Hg S
Cd 1.0000
Co  —0.0481 1.0000
Cu 0.0164  0.3413% * 1.0000
Fe 0.0033  0.6029% % 0.4243%* % 1.000
Mn 0.0131  0.2096 % * 0.0097 0.9162 * 1.0000
Ni -0.1212  0.5530% * 0.0215 04234 % % —0.0671 1.0000
Pb 0.1713% 0.0778 0.0213 0.1659 * 0.1540 —0.1621 % 1.000
Zn 0.1643% 0.2571% * 0.3794% * 0.5823% *  0.2124% * —.0990 0.3288% % 1.00
Hg 0.0092  0.1167 0.1421 0.2546 % * 0.0852 0.0117 —0.0315 0.1754% 1.0000
R) 0.0063  0.1543 % 0.1653 * 0.0736 — 2868 % * 0.1281 —0.0133 0.0524 0.1890% 1.0000
*p<<0.05 * % p(0.01
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7} SRol &= HBKHE 1% 4, Cd# Fe, Pbfol,
Co®} Zn, Spiell Cusl Hgfiell, Zn3} Mnfdell, Fe
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2w KiEM SE S Mool 1%2 HE Kol A
& o] FHRETE] 2ol ot
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Table 3. Correlation coefficients between each component (unwashed leaves).

Cd Co Cu Fe Mn Ni Pb Zn Hg S

Cd 1.0000

Co —0.0210 1.0000

Cu 0.0639 0.2929 % * 1.0000

Fe 0.1698 * 0.5122 % % 0.4224 % % 1.000

Mn 0.3312 —0.0226 0.0366 0.0362 1.0000

Ni  ~0.1305 0.4343 % % 0.0148 0.3449 % * —0.1300 1.0000

Pb 0.1882 * 0.2769 % % 0.2702% * 0.4192% *  0.1376 —0.0028 1.000

Zn 0.4086% %  0.1962%  0.4072% % 05647% % 0.1986%  —0.1486 0.4200 % * 1.0000

Hg —0.0235 0.1514 0.1732%  0.3030% % —0.1115 0.2298 % * 0.0746 0.0945 1.0000

S —0.1349 0.1820%  0.1210 0.1687%  —0.4024% *  0.0998 0.1537 0.0264 0.2292 % * 1.0000
*p<005 % *xp<0.01

Table 4. Correlation coefficient between heavy metal
Component in park area tree.

Table 5. Correlation coefficient between heavy metal
component in residential area tree.

Item Washed leaves Unwashed leaves Item Washed leaves Unwashed leaves
Fe-Co 0.719 % 0.653 % * Fe-Co 0.553 % 0.484 % %
Fe-Cu 0.312% 0.657 * * Fe-Mn 0.359 * 0.395 *
Fe-Ni 0.582 % * 0.683 * * Fe-Zn 0.314 * 0.361 *
Fe-Zn 0.604 * * 0.354 * * Cd-Co 0.510 % * 0.325 %
Co-Ni 0.561 % * 0.730 % * Cd-Cu 0.475% *

Cu-Zn 0.306 * 0.373 % Cd-Zn 0.325 %

Mn-Pb 0.629 % * 0.514 % * Cd-Hg 0.347 %

Mn-Zn 0.496 * * 0.373 % Fe-Ni 0.448 % %

Mn-S —0.474 % % —0.491 * % Zn-S 0.363 *

Pb-Zn 0.396 % * 0.362 * Hg-S 0.316 %

Pb-S —0.405 % * —0.426 % * Cd-Mn 0.466 *

Cd-Co 0.379 % Cu-Mn 0.474

Ni-Hg 0.348 % Cu-Pb 0.479 % *

Co-Cu 0.395 % * Fe-Pb 0.449 % *

Cu-Ni 0.461 % * Mn-S —~0.379 %

Hg-S 0.463 % * Ni-Hg 0.399 *
*p<0.05 % *p<001 Pb-Zn 0.549% %

* p<0.05 * % p<0.01



44 KOR. J. ENVIRON. TOXICOL.

Table 6. Correlation coefficient between heavy metal
component in industrial area tree.

Item Washed leaves Unwashed leaves
Fe-Co 0574 % * 0.361 %
Fe-Pb 0.321 * 0.686 * *
Fe-Zn 0.616 % * 0.599 % *

-Fe-Hg 0.388 % 0.567 * *
Zn-Cu 0.381 * 0.497 % *
Zn-Pb 0.415% * 0.456 * *
Hg-Pb 0.326 * 0.517 * *
Cd-Cu . 0.346% '

Co:-Ni 0.574 % *

Co-Pb 0.450 % *

Co-Zn 0.358 *

Cd-Zn 0.390 *

Fe-Ni 0.459 % *

Cd-Fe 0.383 %

Cd-Pb 0.463 % *

Cd-S 0.355 *

Cu-Ni —310%

Mn-Zn 0.428 * *
* p<0.05 * % p<0.01

Table 7. Correlation coefficient between heavy metal
component in commercial area tree.

Item Washed leaves Unwashed leaves
Fe-Co 0.377 * 0.374 *
Fe-Cu 0.590 * * 0.565 * *
Fe-Ni 0.367 * 0.324 %
Fe-Zn 0.962 * 0.489 * *
Co-Ni 0.721 % * 0.661 *
Pb-S 0.525 % * 0.335 %
Zn-S —0.352 % --0.365 *
Co-Cu 0.711 % *

Co-Mn 0.642 % *

Cu-Mn 0.580 * *

Cu-Ni 0.339 %

Fe-Mn 0.317 %

Ni-Hg 0.428 *

Cd-Zn 0.469 % *

Cd-S —0.388 %

Cu-Pb 0.527 * *

Cu-Zn 0.385 *

Fe-Pb 0.449 % *

Ni-Pb 0.446 % *

Mn-S ~0.387 % *
*p<0.05 * % p-J0.01
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